The 'IC n.m.r. spectrum of Forssman hapten was obtained at 25.16MHz 246, 5766-57691: GalNAc(al--3)GalNAc(8i1--3)Gal(a1-.4)Gal(81-.4)Glc(i81-1l)ceramide. Analysis of the amide, olefin and methylene regions reveals no a-hydroxy fatty acyl group and .6mol% unsaturated fatty acyl groups are present. Chemical-shift assignments are reported for the anomeric and glycosidic ether carbon atoms of intersaccharide-linked a-galactose and N-acetyyl-a-galactosamine residues. Two rules are proposed for the assignment of the anomeric form of 1-p3 and 1 -4 linkages of galactose and N-acetylgalactosamine residues present in the glycone of glycoconjugates. The present study emphasizes the importance of the anomeric 'window' (80-120p.p.m.) in studies of glycone structure.
Forssman hapten is a heterophilic antigen of sheep erythrocytes that is responsible for their haemolysis in the presence of antiserum and complement. This observation (Forssman, 1911) seventy years ago has served ever since as the basis for most clinical and experimental complement fixation assays (Alving, 1977) . Forssman hapten is now known to occur in the cell membrane of erythrocytes and other tissues of many animal species (Alving, 1977; Sweeley & Siddiqui, 1977) . Makita et al. (1966) were the first to isolate this antigen from horse tissues and concluded that it was a tetraglycosylceramide. However, Siddiqui & Hakomori (1971) using enzymic and rigorous chemical methods concluded Forssman hapten was a pentaglycosylceramide (I) with the structure: GalNAc-(al -+3)GalNAc(fI -.-3)Gal(al -+4)Gal(fl1 -+4)Glc-(P1 -1)ceramide (Fig. 1) . Vance et aL (1966) first isolated a Forssman hapten from canine gastrointestinal tissue, which Smith et al. (1975) , Slomiany & Slomiany (1977) and have reported has a structure (Fig. 1) identical with that of the antigen from horse tissues (Siddiqui & Hakomori, 1971 (1978, 1979) have shown that there are three glycolipids from dog gastric mucosa with Forssman immunoactivity. The Forssman glycolipid used in the present study corresponds to the glycolipid I described by Slomiany & Slomiany (1979) .
Recently 13C n.m.r. has been shown to be a powerful method for structural analysis of both neutral glycosphingolipids (Sweeley et al., 1978; Koerner et al., 1979; Li et al., 1980; Dabrowski et al., 1980) and gangliosides (Sillerud et al., 1978; Harris & Thornton, 1978) . However, one limitation of this method of analysis has been the absence from the literature of reference chemical shifts for the anomeric carbons of all of the possible intersaccharide glycosidic linkages. An interesting feature of the structure assigned to Forssman hapten is the presence of both a-and f-linked galactose and N-acetylgalactosamine intersaccharide residues. This is in contrast with the glycosphingolipids with ganglio-type oligosaccharide chains that have previously been well analysed (Sillerud et al., 1978; Harris & Thornton, 1978) , but contain only f-linked galactose and N-acetylgalactosamine residues. Thus, we have obtained the 13C n.m.r. spectrum of Forssman hapten to confirm its structure as well as to reveal for the first time the chemical shifts of the anomeric and ether carbon atoms in intersaccharide-linked a-galactose and N-acetyl-a-galactosamine residues.
Experimental
Glycosphingolipid with Forssman immunoactivity was obtained from dog intestine and isolated by previously published procedures (Vance et al., 1966; McKibbin, 1969; Esselman et al., 1972 (Lindberg, 1972; . The remaining amide resonances at 173.9 and 173.5 p.p.m. are thus due to the acetamido carbonyl carbon atoms of the two N-acetylgalactosamine residues. Based on the observed deshielding of the acetamido carbonyl atom of the JJ-anomer relative to the a-anomer of methyl glycosides of N-acetylglucosamine (Perkins et al., 1977) Table 1 ) and 173.5p.p.m. to C-7 of N-acetyla-galactosamine. The two resonances in the olefin region at 134.7 and 129.7p.p.m. are assigned to C-4 and C-5 of sphingosine respectively, based on their identical chemical shift with resonances from analogous carbon atoms of glucosylceramide (Koerneretal., 1979).
Anomeric region
As anticipated Li et al., 1980) , the anomeric 'window' (80-i2p.p.m.) reveals much structural information concerning the oligosaccharide moiety of compound (I). Five distinct resonances are observed in this region, indicating the presence of five saccharide residues and confirming the pentaglycosylceramide structure of Forssman hapten, first proposed by Siddiqui & Hakomori (1971) and later for compound (I) by others (Smith et al., 1975; Slomiany & Slomiany, 1977; . Four of the anomeric resonances (102-105 p.p.m.) are exactly as seen in the spectrum (Sweeley et al., 1978) of globoside 3)Gal (al-14)Gal (fl-4)Glc (fI-+ 1)ceramidel, indicating the new resonance at 95.2p.p.m. must be C-1 of N-acetyl-a-galactosamine. Moreover, the location of this anomeric resonance is consistent with its a-linkage, since its is established for monosaccharides (Perlin, 1976) , and expected for oligosaccharides, that C-I of the a-anomer should be shielded relative to C-I of the f-anQmer. In and methyl 4'-0-a-D-galactopyranosyl fi-lactoside (Cox et al., 1978) . The remaining resonance at, 104.3 p.p.m. 
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Intersaccharide glycosidic ether region Like the anomeric carbon atoms with which they are 'linkage-mates', these glycosidic ether carbon atoms are well resolved in a class, but are not quite as well resolved individually. Like the resonance assigned to its linkage-mate (C-1 of N-acetyl-agalactosamine), the resonance at 79.6 p.p.m. is assigned to C-3 of N-acetyl-fl-galactosamine because it is not present in the spectrum of globoside (Sweeley et al., 1978) . Of the three resonances in this region that are coincident with the same region of globoside, two of them 80.1 and 79.0p.p.m. are assigned to C-4 of fl-glucose and ,B-galactose respectively, due to their near-identical chemical shifts with analogous carbon atoms in 4'-0-a-D-galactopyranosyl-fl-lactoside (Cox et al., 1978) .
By exclusion, the third resonance at 80.6 p.p.m. is assigned to C-3 of a-galactose. Ether and secondary alcohol region
Ether carbon atoms not involved in intersaccharide glucosidic linkages (ring ether carbon atoms and C-1 of sphingosine), the secondaryalcohol carbon atoms of the saccharide rings, and C-3 of sphingosine all resonate between 65 and 80p.p.m. Consequently, 16 closely spaced resonances are present in this region and resolution of individual carbon atoms is not possible at 25.16MHz. However, by comparison with model compounds (Cox et al., 1978; Koerner et al., 1979) , integration and calculation of chemical shifts using known (Colson & King, 1976) AlP and Av substituent effects, the multi-resonance signals in this region can be assigned to groups of individual carbon resonances (Table 1) (Perkins et al., 1977; Cox et al., 1978 ) the upfield signal is assigned to C-6 of f-glucose and f-galatose and the downfield signal to C-6 of a-galatose, N-acetyl-fl-galactosamine-6 and N-acetyl-a-galacto- sides of N-acetylglucosamine (Perkins et al., 1977) , the resonances at 51.6 and 50.4p.p.m. are assigned to C-2 of the 11-and a-anomers of N-acetyl galactosamine, respectively. Methylene and methyl region All resonances between 14 and 40p.p.m., except 22.8 p.p.m., are due to the alkyl tails of the sphingosine and acyl residues of structure (I) and are readily assigned (Table 1) since their chemical shifts are identical with the same residues of glucosylceramide . The resonance at 22.8 p.p.m. is assigned to C-8 of N-acetyl-/i-galactosamine and N-acetyl-a-galactosamine due to its near-identical chemical shift with that of C-8 of the a-and fl-methyl glucosides of N-acetylglucosamine (Perkins et al., 1977) .
Discussion
The 13C n.m.r. data in Table 1 confirm the structure (Fig. 1) assigned to canine gastrointestinal Forssman hapten (Smith et al., 1975; Slomiany & Slomiany, 1977; , a structure that is identical with that from horse tissues (Siddiqui & Hakomori, 1971) . In addition, these data allow a gross fatty acyl analysis to be made for structure (I). Since no resonance was observed at 176.4, 34.9 or 25.6p.p.m., as was seen in the spectrum of phrenosin (Li et al., 1980) , it is concluded that no a-hydroxy fatty acyl residue is present. The lack of detectable resonances at 130.2 and 27.4p.p.m. indicates that 6mol% or less unsaturated fatty acyl residues are present in structure (I).
Based on the chemical shift assignments several conclusions can be made concerning the resonances of carbon atoms of galactose and N-acetylgalactosamine residues involved in 1-+3 and 1-4 intersaccharide linkages. (1) The anomeric carbon atoms of flu -.3 or l1l-.4 linkages resonate at lower field than al-.3 or al-4 linkages. Thus for 1-+3 and 1-4 linkages at least, there seems to be no local effect to counter the expectation, based on monosaccharide studies (Perlin, 1976) , that the anomeric carbon is an a-intersaccharide linkage is shielded relative to the anomeric carbon in the fl-form of the same type of linkage. Tentatively, one may conclude that in chloroform/methanol fl-linkages will resonate downfield from, and a-linkages upfield from, 102.5 p.p.m. relative to internal tetramethylsilane. (2) Likewise, the glycosidic ether carbon atoms of f1-.3 or f 1-+4 linkages resonate at lower field than al--*3 or al-.4 linkages. Tentatively, one may conclude that in chloroform/methanol f-linkages will resonate downfield from, and a-linkages upfield from, 79.5p.p.m. relative to internal tetramethylsilane.
The first of the above conclusions may be applied broadly to all possible intersaccharide linkages between galactose and N-acetylgalactosamine residues, since in a test of its ability to predict the anomeric form of the 12 possible Gal-_GalNAc or GalNAc-'+GalNAc and 16 possible Gal--Gal or GalNAc-.Gal linkages, this rule was obeyed in every example found in the literature. The validity of the first conclusion may stem from the fact that galactose and N-acetylgalactosamine residues should always exist in the 4C1 conformation for which the anomeric oxygen atom is always oriented axially in an a-linkage and equatorially in a fl-linkage. Thus greater relative shielding by axially oriented versus equatorially oriented substituents may be the basis for this generality, as first noted in the monosaccharide series (Perlin, 1976) .
